Abnormal autonomic activity in patients with schizophrenia has been reported, but how psychotic states influence Ž . the autonomic nervous system ANS has remained unclear due to methodological limitations. The influence of psychotic states on ANS activity in patients with schizophrenia was investigated using a recently developed method of analysis based on heart rate variability which assesses cardiac sympathetic and parasympathetic function separately.
Introduction
Schizophrenia is a disease of unclear etiology in which patients have significant mental symptoms, including delusions, hallucinations, and thought disturbances. Although the major symptoms have been considered to be due to dysfunc-Ž tion of cerebral cognitive processing since the term 'schizophrenia' was used in place of demen-. tia praecox by E. Bleuler in 1911 , there have been an increasing number of studies reporting autonomic abnormalities in patients with this disorder. Research based on electrophysiology has focused on two targets for study, electrodermal Ž . activity EDA and cardiac autonomic function Ž . CAF . Although EDA has been repeatedly used due to its sensitivity to psychological processes, it is thought to reflect exclusively sympathetic nervous system function and requires relatively com-Ž plicated processes to quantify Venable, 1966; Depue and Fowles, 1973; Zahn et al., 1981; Bouc-. sein, 1992; Dawson et al., 1994; Zahn et al., 1997 . Studies on the CAF in schizophrenia have been Ž . based on the analysis of heart rate HR , but the findings are often contradictory. In an early study Ž . Dykman et al., 1968 , drug-free schizophrenic patients had lower resting HR than control subjects, while Zahn et al. reported higher HR in drug-free patients with chronic schizophrenia Ž . Ž Zahn, 1975 , acute schizophrenia Zahn et al., . Ž 1981 , and childhood-onset schizophrenia Zahn . Ž et al., 1997 ; the two other studies Volz et al., . 1994 ; Rechlin, 1995 also reported higher HR in schizophrenic patients. But in the study by Nielsen Ž . et al. 1988 no difference in HR was found between control subjects and schizophrenic patients whether they were medicated or unmedicated. A few studies investigated heart rate vari-Ž . ability HRV to assess the CAF in schizophrenia Ž . Zahn et al., 1981 Zahn et al., , 1997 Rechlin, 1995 , but the measures of HRV differ among investigations, and their physiological meaning remains unclear, which make the interpretation of the findings equivocal. Among these studies, Rechlin reported, based on spectral analysis and statistical measures of HRV, that there were no significant differences in the CAF between schizophrenic patients and control subjects, which seems inconsistent with the higher HR found in the same patient group.
Among conventional measurements of HRV, frequency analysis of HR fluctuation provides a reliable quantitative index of the parasympathetic Ž function Akselrod et al., 1981; Pomeranz et al., . 1985; Pagani et al., 1986; Raeder et al., 1987 , but a definitive sympathetic index has not been ob-Ž tained with this method Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology, . Heart Rate Variability, 1996 . Recently a geometric method analyzing HRV was developed which was proven to separately detect, from short-term Ž . electrocardiograms ECG , changes in sympathetic and parasympathetic activities which were produced by pharmacological autonomic block-Ž . ade Toichi et al., 1997 . Although this method has not been tested for populations other than healthy adults, and therefore the autonomic indices obtained with this method should be regarded as tentative ones, they were found to be much more sensitive than a conventional statisti-Ž cal measure of HRV the coefficient of variation, . CV or the indices by spectral analysis. In this study, we applied this method to patients with schizophrenia in order to clarify how psychotic states influence the autonomic nervous system Ž . ANS .
Methods

Subjects
The subjects were 53 patients with chronic schizophrenia who gave informed consent to participate in this study after the purpose and the procedure were fully explained, and 53 control subjects consisting of healthy volunteers free of diseases which would cause autonomic dysfunction, such as hypertension and diabetes mellitus. The patients and their control subjects were individually matched on age and sex. The diagnosis Ž was made according to the ICD-10 World Health . Organization, 1993 ; the code was F20.00, F20.10, F20.20, or F20.30. All patients were administered standard oral antipsychotic drugs with minimal cardiovascular effects such as haloperidol, ( )fluphenazine, and perphenazine. Their medications had been unchanged at least three months, but approximately half of them showed spontaneous fluctuations in their psychotic state within three months prior to the study period. Their ages ranged from 36 to 79 years with a mean age of 56.1 years.
Procedures
The medications for the patients remained unchanged during the 8-week study period, and the psychotic state and the ANS function were evaluated at the beginning and the end of the study period. The psychotic state was evaluated using the Positive and Negative Syndrome Scale Ž . PANSS; Kay et al., 1987 . This rating scale evaluates 30 items of schizophrenic symptoms which are classified into three categories; a positive syndrome includes delusions, hallucinations, thought disturbance, excitement, grandiosity, suspiciousness, and hostility; a negative syndrome includes blunted affect, emotional withdrawal, poor rapport, social withdrawal, difficulty in abstract thinking, lack of spontaneity, and stereotyped thinking; general psychopathology includes anxiety, depression, tension, and 13 other non-specific psychotic symptoms. The total score of the PANSS ranges from 30 to 210 with higher scores indicat-Ž ing more pronounced symptoms. Changes im-. provement or deterioration in psychotic states Ž were defined as changes decreases or increases, . respectively in the total score of the PANSS.
Measurements of CAF
CAF was evaluated based on the heartbeat intervals obtained from ECG monitoring. The Ž . ECG signal lead II was fed through an analog-Ž to-digital converter into a microcomputer PC-. 9801NSrT, NEC, Japan , and the inter-beat in-Ž . terval IBI was measured, with an accuracy of 1 ms, triggered by the R wave. During the ECG monitoring, the subject remained seated and still in an armchair with his or her eyes open in a quiet and temperature-controlled laboratory. The Ž measurements began at approximately 15.00 h in the patient group, immediately after the interview . for the evaluation of psychotic states and continued until 100 successive IBIs, without any artifacts due to body movement, were obtained. Based on these 100 IBIs, the mean IBI was calculated and the CAF was evaluated using a geometric method analyzing HRV, the Lorenz plot.
The Lorenz plot was originally designed for the analysis of non-linear time series data in meteo-Ž . rology Lorenz, 1963 , and applied to the field of electrophysiology to analyze HRV and electroen-Ž cephalograms Babloyanz and Destexhe, 1988; . Chaffin et al., 1991; Babloyanz, 1991 . Recently a new method was designed using the Lorenz plot, and it provides us with both sympathetic and parasympathetic indices from short-term ECG monitoring. . vagal index CVI . Visually, the area of the ellipse reflects the parasympathetic function, while its narrowness reflects the sympathetic function. In Ž our study with healthy young adults Toichi et al., . 1997 , the CVI and the CSI were found to be more sensitive to the changes due to autonomic blockade than the indices obtained by spectral analysis, using either a standard method or an Ž elaborated method a 'coarse-graining spectral . analysis'; Yamamoto and Hughson, 1991 . Under Ž any conditions of a subject supine resting, supine . calculating, sitting, and standing , the parasympa-Ž thetic index by spectral analysis a high-frequency . component of HR fluctuation was not more sensitive than the CVI. While the CSI detected changes in HRV due to sympathetic blockade, Ž the sympathetic index by spectral analysis a low- . frequency component of HR fluctuation failed to detect them in any conditions examined. Furthermore, the CVI and the CSI were found to be much more reliable in detecting changes in HRV than the CV of IBI. Thus, it is expected that the analysis using the Lorenz plot should provide more stable measures of the CAF from short-term ECG monitoring. In the case of a resting young adult in a sitting position, a moderate pharmacological blockade of the ANS with an anticholiner-Ž . gic agent atropine caused a decrease of the CVI by a mean of 0.42, and a ␤-adrenergic blocker Ž . propranolol caused a decrease of the CSI by a mean of 0.30.
Results
Comparisons with the control subjects
The three autonomic measures obtained in the patients at the first assessment and the control subjects are shown in Table 1 . None of the three measures differed significantly between the two Ž . groups unpaired t-test . This indicates that there were no obvious changes in the CAF in our schizophrenic patients even when they were in Ž . the psychotic state with the mean "S.D. score Ž . of 56.1 "11.5 on the PANSS.
Within-indi¨idual changes associated with psychotic states
Twenty-two patients showed changes in their Ž . psychotic state 12 improved and 10 deteriorated , while 31 patients remained unchanged. In the 31 patients without changes in their psychotic state, there was no significant differences between the first and second assessments in any of the three Ž .Ž . measures paired t-test Table 2 . This indicates that there was no effect of sequence in our study. Therefore, we surmise that the effect of sequence can be neglected in the following analysis.
In the 22 patients with changes in their psychotic state, the CAF was intra-individually compared between the two conditions, that in which the psychotic state was more pronounced and that in which it was less pronounced. The mean Ž . IBI ms when the psychotic state was more Ž . pronounced mean " S.E., 789.7 " 33.3 was smaller than that when it was less pronounced Ž . 887.4" 32.3 with the difference being significant Fig.  2 shows a change in the Lorenz plot in one of these patients. The CVI decreased when the psychotic state was more pronounced, while the CSI did not differ significantly between the two condi-Ž . tions Fig. 3 . An ANOVA also revealed a sig-Ž nificant effect of Condition more psychotic, less . Ž . psychotic in the mean IBI F s 8.45, P-0.01 Ž . and in the CVI F s 24.1, P-0.0001 , but there Ž was not a significant effect of Time assessment 1, . assessment 2 or a Time= Condition interaction, which also confirms the absence of the effect of sequence in our study. A linear regression analysis revealed a significant inverse correlation between a change in psychotic states and in the Ž . parasympathetic function r sy0.84, P-0.0001 Ž . Fig. 4 . When the subtotal scores of the three Ž categories of the PANSS positive syndrome, neg-. ative syndrome, and general psychopathology were used in a multiple regression analysis, none of the three variables retained significance. This indicated that parasympathetic function decreased as psychotic state as a whole deteriorated. Thus, the results demonstrated that the psychotic state affects the CAF and that this is presumably mediated through the parasympathetic nervous system.
Discussion
Some studies have demonstrated that drug-free patients with both acute and chronic schizophre-Ž nia have higher HR and abnormal EDAs Venable, 1966; Depue and Fowles, 1973; Zahn et al., . 1981 Zahn et al., . , 1997 Boucsein, 1992; Dawson et al., 1994 . These findings have been conventionally interpreted in terms of sympathetic function, but no specific relationship between EDA and either Fig. 2 . Change in the Lorenz plot in a patient. The change in the Lorenz plot in one of the patients is shown. L = T, which represents parasympathetic function, was larger when the Ž . psychotic state was less pronounced A than when it was Ž . more pronounced B , while LrT, which represents sympathetic function, did not differ significantly between the two conditions. Among the 22 patients whose psychotic state changed, 21 showed similar changes in the Lorenz plot as seen in this figure. sympathetic or parasympathetic function has been demonstrated. Other studies reported normal or Ž lower HR in schizophrenic patients Dykman et . al., 1968; Nielsen et al., 1988 . Furthermore, it is controversial whether it is an endogenous schizophrenic factor or a resulting psychotic state that causes the autonomic abnormalities.
The mean IBI in our patients was slightly smaller than in control subjects, but the difference did not reach significance. There were no significant differences in the measures based on HRV between the patients and the control subjects, either. The patients in our study were medi-( ) Fig. 3 . Changes in cardiac autonomic function in the patients.
Ž . The mean and standard error of the cardiac vagal index CVI Ž . and cardiac sympathetic index CSI in the 22 patients whose psychotic state changed are illustrated. The asterisk indicates a significant decrease in the CVI when the psychotic state was more pronounced compared to that when it was less Ž . pronounced t s 5. 44, P-0.0001, paired t-test, two-tailed . cated and much older than those in previous studies, and most of our patients were hospitalized for more than 10 years. These conditions might have influences on their ANS resulting in autonomic responses different from those in acute drug-free patients. The clinical conditions of our patients, however, have advantages for autonomic measurements in that the patients were more or less accustomed to their psychotic state and, therefore, in stable physical conditions; furthermore, they were familiar with clinical assessments including interviews and electrophysiological ex- aminations. While acute patients, for example, those unfamiliar with psychotic experiences, are usually in a tense state and they often have dehydration due to loss of appetite, resulting in tachycardiac changes, our patients were physically stable even in periods of exacerbation. Therefore, physical factors should have played a minimal role in our patients. In addition, their medications were not thought to modify the CAF, since they are known to have minimal cardiovascular effects. Conversely, there is a possibility that higher HR reported in previous studies might be related, at least partly, to poor physical conditions associated with psychotic symptoms. The negative findings of HRV in the patients compared with the control subjects in our study are consistent with the study Ž . by Rechlin 1995 where spectral analysis and the CV were employed to examine the CAF.
In this study we demonstrated that the presence of the psychotic state itself suppressed HRV. Based on our previous study in healthy subjects Ž . Toichi et al., 1997 , the decrease in HRV is thought to be mediated through the parasympathetic nervous system. This findings suggests that elevated HR reported in schizophrenia may be partly attributable to decreased parasympathetic function due to psychotic states. It should be noted that only eight patients showed changes in the PANSS items of 'excitement' and 'tension' which are generally assumed to be accompanied Ž by autonomic changes no patients changed in the . item of 'anxiety' . When these eight patients were excluded from the analysis, the change in the CVI remained significant as assessed by both paired Ž . comparison t s 4.05, Ps 0.0014 and linear re-Ž . gression analysis r sy0.62, Ps 0.0025 . This indicated that the influence of psychotic states cannot be attributed solely to emotional factors, and non-emotional cognitive factors, such as hallucinations and thought disturbances, also play a significant role. It seems contradictory, however, that, while psychotic states were found to reduce the mean IBI, presumably through the parasympathetic nervous system, as indicated by the decrease in the CVI, the mean IBI in our patients, most of whom had moderate to severe psychotic symptoms, was not significantly smaller than the control subjects. Our chronic patients whose du-( )ration of illness was, in most cases, very long might be used to their symptoms, resulting in habituation to their usual psychotic state, but there remains a possibility that a larger sample may produce a significant difference in the mean IBI in very chronic patients, such as those in this study.
In normal subjects, mental stresses are known to suppress HRV, presumably through the Ž parasympathetic nervous system Hyndman and . Gregory, 1975; Pagani et al., 1986 Pagani et al., , 1989 . There is a possibility that psychotic states might act as a mental stressor, causing the suppression of HRV. Another suggested possibility is that the interview for the evaluation of psychotic states, particularly when more pronounced, might be stressful, which could suppress the parasympathetic activity of the patients; however, such signs were not observed in them during the interview. If psychotic states act as a mental stressor, the physiological mechanism of how they affect the ANS still remains unclarified. However, our findings that changes in the cognitive function of the central nervous system affect the peripheral ANS function seem to have significant implications not only for psychiatry, but for psychosomatic medicine and psychophysiology. 
